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Abstract² Control configuration selection is the procedure 
of choosing the appropriate input and output pairs for the 
design of SISO (or block) controllers. This step is an important 
prerequisite for a successful industrial control strategy. In 
industrial practices it is often the case that the system, which is 
needed to be controlled, is either in the descriptor form or can 
be represented in the descriptor form. Singular systems and the 
differential algebraic equation (DAE) systems are among these 
systems.  Descriptor systems appear in the variety of fields to 
describe the practical processes ranging from power systems, 
hydraulic systems to heat transfer, and chemical processes. The 
focus of this paper is on the problem of control configuration 
selection for multivariable descriptor systems. A gramian-
based interaction measure for control configuration selection of 
such processes is described in this paper. The proposed MIMO 
interaction measure is the extension of its gramian-based 
analogous counterpart, which has been proposed for the input±
output pairing as well as for the controller architecture 
selection of the processes with the standard state-space form. 
The main advantage of this interaction measure is that it can be 
used to propose a richer sparse or block diagonal controller 
structure. The interaction measure is used for control 
configuration selection of the linearized CSTR model with 
descriptor from.  
I. INTRODUCTION  
HE technological world of today has been witnessing 
the  increased complexity due to the rapid development 
of the process plants and the manufacturing processes. The 
computational complexity, the reliability problems and the 
restrictions in communication make the centralized control 
of such large-scale complex systems expensive and difficult. 
To cope with these problems, several decentralized control 
structures have been introduced and implemented over the 
last few decades [1]. The decentralized controllers have 
several advantages, which make them popular in industry. 
The decentralized controllers are easy to understand for 
operators, easy to implement and to re-tune [1],[2].  
The decentralized control systems design is a two-step 
procedure. The controller structure selection and input-
output pairing is the first main step and the controller 
synthesis for each channel is the second step of the 
decentralized control.  The focus of this paper is on pairing 
and the controller structure selection of the decentralized 
control systems. This issue is a key problem in the design of 
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the decentralized and distributed control systems, which 
directly affects the stability and the performance of the 
control systems.  The interaction measures play an important 
role in the suitable pairing and the controller structure 
selection for the decentralized and the distributed control. 
Interaction measures make it possible to study input-output 
interactions and to partition a process into subsystems in 
order to reduce the coupling, to facilitate the control and to 
achieve a satisfactory performance.  The interaction 
measures have received a lot of attention over the last few 
decades [2]-[4]. There are two broad categories of 
interaction measures in the literature. The first category is 
the relative gain array (RGA) and its related indices [5]-[10] 
and the second category is the family of the gramian-based 
interaction measures [11]-[14].    
The most well-known and commonly used interaction 
measure is the relative gain array (RGA), which was first 
proposed in [5]. In the RGA, d.c. gain of the process is used 
for the construction of the channel interaction measure. The 
RGA is not sensitive to delays and more importantly it 
considers the process just in the particular frequency. 
The RGA has been studied by several other researchers (see, 
e.g. [6],[7]). There are also other similar measures of 
interaction, which use dc gain of the process e. g. the NI (the 
Niederlinski index) [8].  
The NI (the Niederlinski index) does not provide more 
information for pairing compared to RGA. The RGA and the 
NI have been extended for input-output pairing of unstable 
MIMO systems in [2]. The relative interaction array (RIA) is 
an interaction measure, which is similar to RGA and it is 
based on considering the interaction as an unmodelled term 
at d.c. 
RIA does not provide more information than the RGA about 
the channel interactions of the process. These indices use the 
model of the processes at zero frequency.  In [7], [9], the 
relative dynamic gain array (RDGA) was proposed for the 
first time. The RDGA shows how the interaction varies over 
the frequency. The idea is further generalized in [10] by the 
generalized relative dynamic gains (GRDG). This method 
was mainly proposed for 2 u 2 system. 
The second category of the interaction measures is the 
family of the gramian based methods. A method from this 
category was first proposed in [11] and further in [12]. In 
this category, the observability and the controllability 
gramians are used to form the Participation Matrix (PM). 
The elements of the PM encode the information of the 
channel interactions. PM is used for pairing and the 
controller structure selection. The Hankel Interaction Index 
Array (HIIA) is a similar interaction measure, which was 
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V. CONCLUSION 
Control configuration selection for descriptor systems 
which are systems that appear in the variety of fields ranging 
from power systems, hydraulic systems to heat transfer, and 
chemical processes has been addressed in this paper. A 
general gramian-based interaction measure for the control 
configuration selection for such systems has been proposed. 
The proposed MIMO interaction measure is the extension of 
its gramian-based analogous counterpart, which was 
proposed for input±output pairing as well as for the 
controller architecture selection for the processes with 
standard state-space. The proposed measure reveals more 
information about the ability of the channels to be controlled 
and to be observed and provides hints for the selection of the 
richer controller structures such as triangular, sparse and 
block diagonal.    
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